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METHOD AND APPARATUS FOR
CONNECTING TWO-WIRE SERIAL
INTERFACE AND SINGLE-WIRE SERIAL
INTERFACE WITH HIGH TRANSMISSION
SPEED

The present invention relates to connecting two or more
serial i1nterfaces and 1n particular a two-wire TX/RX
interface, as commonly found on a computer CPU, to a
one-wire Interface so as to provide high data transmission
speeds.

BACKGROUND INFORMATION

Many electronic devices or components mclude one or
more 1nterfaces for transmitting and/or receiving data in a
serial fashion. One example 1s a computer central processing
unit (CPU) which typically includes a two-wire serial
interface, providing a first wire or pin for data transmit and
a second wire or pin for data receive purposes.

The two-wire or two-pin serial interface 1s by no means a
universal configuration. It 1s not uncommon to use electronic
devices or components having one or more serial interfaces
which provide only a single wire or pin for data. Those of
skill in the art will understand that, while a device or
component may provide a single wire or pin for serial
transmission of data in both directions (both transmit and
receive) or can have a two-wire serial interface configuration
(providing a first wire or pin for transmit of serial data and
a second wire or pin for receipt of serial data) the interface,
component or device may have numerous other wires or pins
including, e.g., power, ground, control pins or wires and the
like. While an electronic device or component may have a

particular type of serial interface, such as a one-wire serial
interface or two-wire serial interface, it 1s not uncommon for
devices or components to also have other interfaces such as
numerous serial interfaces, one or more parallel interfaces,
wireless links and the like.

One example of a one-wire serial interface 1s the interface
provided 1n at least some audio processing circuits such as
that sold under the trade name Quad Subscriber Line Audio

Processing Circuit (QSLAC) available from Advanced
Micro Devices (AMD).

In some circumstances, it 1s desired to provide for both
read and write serial communication between the two wire
serial interface and a single wire serial interface. As will be
understood by those of skill mm the art, read and write
operations at the two interfaces are complementary in the
sense that an operation which represents a write operation at
the two-wire interface, 1s a read operation at the one-wire
interface and vice versa. One possible approach 1s to connect
the wires or pins of the two wire interface, pulled up to a
desired voltage (such as Vcc) with a resistor. It has been
found, however, that this configuration can lead to relatively
low limits on the speed of data transmission, especially
when the single wire 1s used for both transmit and receive
directions.

Accordingly, 1t would be useful to provide a system,
method and apparatus for providing communication
between a two wire serial interface and a single wire
interface at relatively high data transmission speeds.
Preferably, such a system, method and apparatus can be
implemented at relatively low cost, such as by using at least
some components which are already present in the system
(e.g., for another purpose).

SUMMARY OF THE INVENTION

The present invention includes a recognition of the
existence, nature and/or source of problems in previous
approaches, including as described herein.

10

15

20

25

30

35

40

45

50

55

60

65

2

In one aspect, the present invention provides a connection
between a two-wire serial mterface and a one-wire serial
interface which substantially avoids more than one current
source being active or connected at any given time. In one
embodiment, a control device, which may be a CPU, under
the control of microprogramming or other software, controls
the interfaces so as to avoid both write sources (or current
sources) being active and/or connected at the same time.

In one embodiment, each wire or pin of a two-wire serial
interface 1s provided to a controllable buifer, controlled by
a control signal. The CPU or other control device assures
that the write bufler 1s off or inactive during any time that the
one-wire serial mterface 1s able to transmit or write.

In one embodiment, the single-wire interface 1s config-
ured such that transmit or write operations cannot be per-
formed until a write-enable (or similar signal) is received,
¢.g., from a CPU, 1.e. the same control device which controls
the buflers of the two-wire interface. Accordingly, the con-
trol device will preferably inhibit the write buifer of the
two-wire serial interface whenever a write-enable 1s sent to,
or effective at, the single-wire interface and similarly the
control device will disable write capability at the single-wire
interface whenever the write butler of the two-wire 1nterface
1s enabled.

By providing for selective enablement/disablement of
write capabilities, the present invention can avoid the
approach of using a “mixer”, such as a pull-up resistor on the
common line. By eliminating the need for a pull-up resistor
or similar device, 1t 1s possible to avoid unduly long rise-
times or fall-times and, 1n this way, relatively high digital
signal transmission rates can be provided.

In one aspect, a two-wire interface having a receive wire
and a transmit wire 1s coupled for communication with a
single-wire serial interface to provide for relatively high-
speed data transmission. In one aspect, controllable buifers
are coupled to the transmit and receive lines of the two-wire
serial interface. The outputs from the two bulfers are
coupled to a common line which 1s also coupled to the single
line of the single-wire interface. The transmit buffer and/or
read buffer and/or transmission from the single-wire inter-
face are controlled, e.g., such as using control signals
provided by software, such that the transmit butfer from the
two-wire 1nterface 1s enabled only when transmission from
the single-wire mterface 1s disabled and transmission from
the single-wire 1nterface 1s permitted only when the transmat
buffer of the two-wire 1nterface 1s disabled. By this type of
system, 1t 1s possible to avoid coupling which 1nvolves a
pull-up transistor and the like, avoiding lengthening the rise
time or fall time of signals and providing the potential for
relatively high data transmission rates. In one aspect, the
increase 1n data transmission speed 1s roughly proportional
to the rise time and/or fall time (or combination thereof) of
the signal. The rise time/fall time 1s generally proportional to
the current source/sink ability of the drivers and inverse to
the pull-up resistor value. A typical increase 1n transmission
speed, according to an embodiment of the mvention is one
to two orders of magnitude, such as an increase from about

40 kilobits per second (kbps) to about 1 megabits per second
(Mbps), prefer about 2 Mbps.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s a block diagram depicting a two-wire interface
and a single-wire interface;

FIG. 2 15 a block diagram depicting a connection between
a two-wire 1nterface and a single-wire interface according to
previous approaches;
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FIG. 3 1s a block diagram depicting a connection between
a two-wire 1nterface and a single interface according to an
embodiment of the present invention; and

FIG. 4 1s a flowchart depicting read and write operations
to and from the single-wire 1nterface according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

As depicted 1 FIG. 1, the serial mterface 112 of a host
processor such as a CPU, microcontroller or the like, often
has separate wires for transmission (writing) 114 and receiv-
ing (reading) 116. In contrast, other serial interfaces 118
have a single pin or wire 122 which provides for both
transmitting and receiving data 124 (preferably at different
times).

As noted above, 1n some circumstances, it 1s desirable to
provide for serial communication between a two-wire serial
interface 212 and a single-wire interface 218. In the
approach depicted 1n FIG. 2, the transmit and receive wires
or pins 214, 216 of the two wire interface are tied or wired
together 226 and connected 228 to the single wire or pin 222
of the single-wire interface 218. Accordingly, 1t 1s possible
for the common wire 232 to receive current from two
sources of current, 1.€., the write pin 214 and the single-wire
222 of the single-wire interface 218 (during a write opera-
tion from the single-wire interface). In one approach, a
system 1s devised that permits each of the current sources
222, 214 to overpower the other. One way of doing this 1s to
use a pull up resistor 234 to pull up the common wire 232
to a desired voltage such as Vcec 236.

While the configuration depicted in FIG. 2 1s operable 1n
at least some applications, the resistance provided by resis-
tor 234 can disadvantageously affect signal rise time (the
time it takes to drive the wire from low to high states) and/or
fall-time (the time it takes to fall from a high state to a low
state). A relatively high value for the resistor 234 provides
relatively slow rise time (such as greater than about 10-20
microseconds (ms)) while a relatively low resistance pro-
vides relatively slow fall time (such as greater than about
1020 ms). In practice, the value for the resistor 234
represents something of a compromise, so that the effective
fransmission rate 1n the system of FIG. 2 1s often relatively
low. In at least some previous embodiments, the maximum
achievable transmission rate using a system similar to that

depicted 1n FIG. 2 has been about 0.005 Mbps.

In the embodiment depicted 1 FIG. 3, the two wires or
pins of a two-wire or two-pin mnterface 312 are coupled to
controllable transmit and receive components such as con-
trol buflers 342, 344. As will be understood by those of skill
in the art, a number of devices can be used as control buffers.
The control buffers are tied together to a common line 332
connected to the single wire or single-pin 322 of the single-
wire 1nterface 318. As shown 1n the embodiment of FIG. 3,
there 1s no need for a pull-up resistor on the common line
332, of the type depicted n FIG. 2. In the embodiment of
FIG. 3, there 1s a connection from a control I/O port 347 of
a control device such as a CPU 346, micro-controller or the
like, to an enable or control mnput 348 of the transmit buifer
342. As one example, the CPU 346 can be a Motorola 855T
micro-controller. The control line, 1n the embodiment of
FIG. 3, 1s also provided to a control input of the receive
buffer 344 via an inverter 348. In this way, the transmit
control buffer 342 1s 1n an “on” or enabled state only when
the receive buffer 344 1s in an “off” or disabled state, and
VICE Vversa.
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In the embodiment of FIG. 3, the single-wire interface
318 also receives a control signal 352, mn this case a
read/write or write-enable signal. In one embodiment, the
single-wire interface 318 cannot write or transmit on the
single wire 322 unless and until it has received a write-
enable or “write” signal on the conftrol line 352. In the
depicted embodiment, the control line 352 1s coupled to a
location 1n memory 354 which 1s accessible 356 from the
control device or CPU 346. Those of skill in the art will
understand how to select, connect and use components
depicted 1n the block diagram of FIG. 3, including transmut
and receive control buffers inverters and the like, after
understanding the present disclosure.

As depicted 1n FIG. 4, in operation, when the interface 1s
to be used, the system determines whether the single-wire
interface 318 is to be used for reading (receiving) or writing
(transmitting) data 412. If a single wire interfaces to be
receiving data, the CPU 346 writes or outputs 414 a zero, or
low, value to the control I/O port 347. In response, the read
bufler 344 receives the inverted or “one” signal and 1s placed
in an “on” or enabled state, while the write control buffer
342 receives the low or zero signal and 1s placed 1n an “off”

or disabled state 416. Preferably, the CPU also sends an
enable signal to the single-wire interface. For example, 1n
the embodiment of FIG. 3, the CPU 346 writes a predeter-
mined “write enable” value to a location 353 1n memory 354
which 1s coupled 352 to the control port of the single-wire
interface 318. Thereupon, the single-wire interface can
begin transmitting 418. The system will remain 1n this state
(with the single-wire interface 318 configured to permit
writing or transmitting over the single wire 322, to wire 332,
into the receive control bufler 344, to be provided to the
receive pin 316 of the two-pin interface 312) until any of a
number of events occurs. For example, the write operation
may be complete 422 and the system returns 424 to await the
beginning of the next read or write operation. Preferably,
when the write operation 1s complete 422, the single wire
interface 318 provides an indication of this condition, ulti-
mately to the CPU 346, such as by transmitting a “write
complete” message or signal over the data path 322, 344,
316, 312. Other events can also cause the read operation
(two wire interface) to be terminated such as the detection of
certain types of error events, occurrence of high priority
mterrupt events and the like. When the read operation 1is
complete 422, the system can remain 1n the read configu-
ration until such time as a new operation 1s requested, or the
system confliguration can be changed, such as by removing
the write-enable signal 352, (or sending a write-disable
signal).

In a situation involving a write or transmit from the two
wire 1nterface, the control device 346 will write a high or
“one” value 426 to the control I/O port 347. This high or one
value will result 1n the transmit control buifer 342 being
placed 1n an enable or “on” configuration and the inverted
348 value will place the receive bufler 344 1n an “off” or
disabled state 428. Preferably, the CPU will assure that a
write-enable signal 1s not being provided to the control input
or line 352 for the single-wire interface 318. The CPU 346
will control the two-pin interface 312 to transmit the desired
signal on the transmit pin 314, to the (enabled) transmit
control buffer 342, onto the common line 332 and to the
single wire 322 of the single wire mterface 318 to achieve
data transmission 432. This state of the system will be
maintained, €.g., until the operation 1s complete 422 or some
other event dictates termination of a write operation (such as
an error event, high priority interrupt and the like).

In light of the above description, a number of advantages
of the present invention can be seen. The present mnvention
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provides an operable fashion of connecting a two-wire serial
interface and a one-wire serial interface to achieve effective
communication. The present invention can provide commu-
nication between a two-wire serial interface and a single-
wire 1nterface substantially without the need for a pull-up
resistor such as a pull-up to Vcc or the like. The present
invention can provide a connection between a two-wire
serial interface and a single-wire serial interface which
provides (preferably bi-directional) communications ther-
cbetween at a relatively high data rate such as about 5
Megabits per second (Mbps) or more. The present invention
can be implemented while making use of at least some
devices which are already common or present 1n systems
having single-wire and two-wire serial interfaces, such as
using the SPI bus of a micro-controller.

A number of variations and modifications of the present
invention can be used. It 1s possible to use some aspects
without using others. For example, it 1s possible to use the
CPU or other control device for controlling two-wire inter-
face buifers without directly controlling operation of the
single-wire interface. Although a computer CPU has been
described as one example of a electronic device having a two
wire serial interface, numerous other electronic devices can
have two wire serial interfaces including, for example,
network components such routers, bridges, hubs, gateways,
switches and the like. Although an audio processing circuit
has been described above as one example of an electronic
device or component having a single wire serial interface,
numerous other electronic devices or components may have
single wire ser1al interfaces including, for example, Ethernet
transceivers or Integrated Services Digital Network (ISDN)
transceivers and telephone or telecommunications devices 1n
ogeneral. Although 1t 1s preferred to select between read
configurations and write configurations using software
control, it 1s also possible to provide hardware control for
this purpose. Although separate transmit and receive bulfers
have been depicted, 1t 1s also possible to provide a single
transmit/receive buller which can be changed from a trans-
mit buifer configuration to a receive buifer configuration.
Although transmit and receive bulfers have been depicted as
a way to prevent performing write operations from the
two-wire 1nterface while writes are enabled on the one-wire
interface, it 1s also possible to provide other devices for this
purpose, 1n place of control buifers, such as using NAND
cgates, OR-gates and/or discrete transistors. The present
invention can be implemented 1n the context of devices or
components which have only one two-wire serial interface
and only one single-wire serial interface, or in the context of
devices which have numerous single-wire serial interfaces
and/or numerous two-wire serial interfaces. When more than
one serial interface 1s provided, 1t 1s possible to implement
embodiments of the present invention in which only one of
these single-wire interfaces and one of the two-wire inter-
faces are connected as described herein, or 1n which more
than one, or all, interfaces are connected as described herein.

Although 1n the depicted embodiment, a single control
line, one of which 1s coupled to an inverter, controls both
buffers of the two wire interface, there 1s no theoretical
reason why a device according to the present mvention
could not be provided with two different control lines for
controlling the two buflers of the two wire interface.
Although the depicted embodiment provides a configuration
in which the CPU can effectively send a write-enable signal
to the one-wire interface, 1t 1s also possible to provide
embodiments 1 which the one-wire interface can send a
signal to the CPU requesting or demanding write permis-
sion. It 1s also possible to provide negotiation circuitry in the
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first and second interfaces allowing the interfaces them-
selves to negotiate for authority to perform a transmit or
write operation (e.g., without using or involving the CPU).
It 1s also possible to provide predetermined periods of time
(or changeable patterns of time periods) during which the
one-wire 1nterface and two-wire 1nterface, respectively, have
write permission and/or have write request priority.
Although the present invention allows a two wire serial
interface and a single wire interface to be connected without
the need for a pull-up resistor, or otherwise 1 a fashion to
provide high transmission rates, it 1s possible to provide
embodiments 1n which some pull-up or other resistance is
provided, although this will typically limit the signal or data
transmission rate. Although the depicted embodiment shows
the read/write control for the single-wire interface being
different from the control 344 for the two pin interface 312,
it is also possible to use the same (inverted) signal 348
provided to the receive buifer, as the read/write control
signal to the single wire interface 318.

Although the depicted embodiment shows the control line
for the single-wire interface being connected to a memory
location, 1t 1s also possible to connect to another component
or device which can be controlled or accessed by the CPU
or other control device, such as a register.

The present mvention, 1n various embodiments, includes
components, methods, processes, systems and/or apparatus
substantially as depicted and described herein, including
various embodiments, subcombinations, and subsets
thereof. Those of skill in the art will understand how to make
and use the present invention after understanding the present
disclosure. The present invention, 1n various embodiments,
includes providing devices and processes 1n the absence of
items not depicted and/or described herein or in various
embodiments hereof, including 1n the absence of such 1tems
as may have been used 1n previous devices or processes, €.9.
for improving performance, achieving ease and or reducing
cost of implementation. The present invention includes
items which are novel, and terminology adapted from pre-
vious and/or analogous technologies, for convenience in
describing novel items or processes, do not necessarily

retain all aspects of conventional usage of such terminology.

The foregoing discussion of the invention has been pre-
sented for purposes of illustration and description. The
foregoing 1s not 1ntended to limit the 1nvention to the form
or forms disclosed herein. Although the description of the
invention has included description of one or more embodi-
ments and certain variations and modifications, other varia-
tions and modifications are within the scope of the invention,
¢.g. as may be within the skill and knowledge of those in the
art, after understanding the present disclosure. It 1s intended
to obtain rights which include alternative embodiments to
the extent permitted, including alternate, interchangeable
and/or equivalent structures, functions, ranges or steps to
those claimed, whether or not such alternate, interchange-
able and/or equivalent structures, functions, ranges or steps
are disclosed herein, and without intending to publicly
dedicate any patentable subject matter.

What 1s claimed 1s:

1. Apparatus for providing bi-directional communication
between a first serial interface having a single data commu-
nication wire and a second serial interface having a data
transmit wire and a data receive wire, the apparatus com-
prising:

a first buffer coupled to said data transmit wire of said
second serial interface, said first buffer having an
output line;

a second buffer coupled to said data receive wire of said
seccond serial interface said second buffer being
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controllable, 1n response to a control signal, to change
from a first, enabled configuration to a second, disabled
conilguration, said second buffer having an output line;
and

a common line coupled to said output line of said first
buffer, said output of said second buifer and said single
line of said first serial interface.

2. Apparatus, as claimed in claim 1, further comprising a
control device which outputs control signals for placing at
least one of said first and second buifers 1n a disabled state.

3. Apparatus, as claimed in claim 2, wherein said control
signal places said first and second buflers 1n opposite states.

4. Apparatus, as claimed 1n claim 1, further comprising a
control device which outputs a control signal which controls
said first serial interface to be in either a first state, permit-
ting data to be output on said single data communication
wire of said first serial interface, or a second state, disabling,
transmitting of data on said single data communication wire
of said first serial interface.

5. Apparatus, as claimed 1n claim 4, wherein said control
signal 1s selected such that output from said first serial
interface 1s enabled only when transmitting from said second
serial mterface 1s disabled.

6. Apparatus, as claimed 1n claim 4, wherein said control
device 1s selected from among a CPU of a computer and a
micro-controller.

7. Apparatus, as claimed 1n claim 4, wherein said control
signal for said first serial interface 1s provided by writing
data to one of a memory location and a register.

8. Apparatus, as claimed in claim 1, wherein said common
line 1s provided 1n the absence of a pull-up resistor.

9. Apparatus, as claimed i claim 1, wherein data 1s
transferred between said first and second interfaces at a
transmission speed of at least 1 Mbps.

10. Apparatus, as claimed 1n claim 1, wherein the rise time
for transmission of a bit over said common line 1s less than
about 500 nanoseconds and fall time for data transmaitted
over sald common line 1s less than about 500 nanoseconds.

11. Apparatus, as claimed 1n claim 1, wherein said second
serial interface 1s a serial interface of a microcontroller chip.

12. Apparatus, as claimed 1n claim 1, wherein said appa-
ratus 1s used 1n telephone communications equipment.

13. Apparatus, as claimed 1n claim 1, wherein said appa-
ratus 1s used 1n audio processing.

14. A method for communicating between a two-wire
serial interface and a one-wire serial interface comprising:

™

coupling first and second controllable buffers to data
receive and transmit wires, respectively, of said two-
wire 1nterface;

coupling a common wire to outputs of said first and
second controllable buffers;

coupling said common wire to a single wire of said
one-wire serial interface; and
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providing a first control signal to at least said second
controllable buffer coupled to said transmit wire to
disable transmission from said second controllable

buffer coupled to said transmit wire when transmitting
1s enabled for said one-wire serial interface.

15. A method, as claimed 1n claim 14, further comprising
disabling transmission from said one-wire serial interface
when enabling transmaission from said second controllable
buffer coupled to said transmit wire of said two-wire serial
interface.

16. Apparatus for communication between a two-wire
interface and a one-wire interface comprising;:

first bulfer means, coupled to a transmit wire of said
two-wire 1nterface, for at least temporarily storing
transmit data;

second buffer means, coupled to a receive wire of said
two-wire 1nterface, for at least temporarily storing
receive data;

control means, coupled to at least said first buffer means,
for configuring said first buffer means either 1n an
enabled configuration or a disabled configuration in
response to a control signal; and control signal means
for providing said control signal so as to disable said
first buffer means, at least while data 1s transmuitted
from said one-wire 1nterface.

17. Apparatus, as claimed 1n claim 16, further comprising
means for enabling transmission from said one-wire inter-
face only when said two-wire interface 1s disabled from
placing transmission signals on a common wire coupled to
an output of the first buffer means, an output of the second
buffer means and the one-wire interface.

18. Apparatus for providing communication between a

two-wire serial mterface and a single-wire serial interface
comprising:

first means for at least indirectly coupling a wire of said
single-wire serial interface to a transmit wire of said
two-wire serial interface;

second means for at least indirectly coupling said wire of
said single-wire serial interface to a receive wire of said
two-wire serial interface; and

wherein communication at a transmission speed of at least
about 2 Mbps 1s provided.

19. Apparatus, as claimed in claim 18, wherein said first
means includes a controllable buffer.

20. Apparatus, as claimed in claim 18, wherein said
second means comprises a controllable buffer.

21. Apparatus, as claimed 1n claim 18, further comprising
means for disabling said first means, at least when data 1s
transmitted from said single-wire serial interface.
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